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IEFFECTS OF ANKLE FOOT ORTHOSIS APPLICATION  
ON STANDING BALANCE IN THE ELDERLY
A B ST R A C T
T he purpose of this study w a s  to quantify ch a n g e s  in b a lan ce  
a s  m easu red  by the B alance M aster ® a s  a  result of ankle foot 
o rth o ses  (AFO) application to a sa m p le  population. D ata from trials 
with AFO and without AFO w ere obtained from six  m en and tw elve  
w om en  a g e s  65 -79 . Paired T -tests  w ere u sed  to  an a lyze  data  for 
a r e a s  of sign ifican ce. S ignificant a r e a s  included rhythmic w eight 
sh ifting  (right/left), limits of stability  (LO S) forward d irection , LOS 
right forward direction, and LOS backward direction with p v a lu es  
ranging from p =0.0048  to p =0 .0451 . AFO application m ay h ave  
altered  th e  range of m otion availab le for m ovem en t s tra teg ie s  
n e e d e d  for dynam ic stability. The rigidity of th e  AFO m ay h a v e  aided  
sta tic  stability. The resu lts s u g g e s t  th e  n e e d  for further research  
on b a lan ce and AFO u se  in various populations.
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CHAPTER 1 
INTRODUCTIO N
B alan ce is an intricately controlled behavior. N um erous  
stu d ies  have b een  d on e on b a lan ce and a large quantity of 
inform ation ex is ts  in th e literature. T h e se  s tu d ie s  exp lore various  
a sp e c ts  of balance. H ow ever, th e a s s e s s m e n t  of b a la n ce  behavior  
n e e d s  to  be com p reh en sive  b e c a u se  th e control of equilibrium is both 
neurologically  and m ech an ica lly  c o m p le x .^ B a la n c e  is in fluenced  by 
th ree major sen so r y  sy s te m s . T h e  so m a to se n so ry  (proprioceptive, 
cu ta n eo u s, and joint), v isual, and vestibu lar sy s te m s  provide th e  
major sen so r y  inputs for th e postural stabilizing re fle x e s  n e e d e d  for 
m aintaining and restoring ba lan ce. Although ea ch  se n so r y  input has  
an optimum range of frequency and velocity at which it b est  
sta b iliz es  postural sw ay , a  redundancy of the contributions of the  
th ree  se n so r y  sy s te m s  to postural control exists.^'®  N e v e r th e le s s ,  
in situations w here o n e  or m ore input is lost, th e rem aining sen so r y  
inputs can  co m p en sa te  and en su re  stability.®-^®
With aging, various physiological and physical c h a n g e s  occur. 
T h e d eg ree  of th e se  ch a n g e s  varies am ong individuals. Heredity, 
d is e a s e  p r o c e sse s , and level of w e lln e ss  are so m e  of th e  main  
contributors. As a result of a g e-re la ted  ch a n g es , th e  elderly
population  is at a  high risk of d i s e q u i l i b r iu m .^ B a l a n c e  and  
postural stability  are critical co m p o n en ts  for am bulation and other  
functional activ ities. T h e elderly h a v e  a  d e c r e a se d  ability to  
m aintain b a la n ce  and stability. In the United S ta tes , o n e  third to o n e  
half of th e  elderly population a g e  65  and older ex p erien ce  o n e  or 
m ore fa lls  e a c h  year.''^’^®-^  ^ Falls and th e  resulting immobility are  
com m on o ccu rren ces  am ong the elderly and primary rea so n s  for 
m ed ica l intervention.^®-^®
P h ysica l th erap ists u s e  ankle foot o r th o ses  (AFO) to  provide 
stability  and to  im prove am bulation  for p atien ts dem onstrating  
d efic its  in th e  normal m ech a n ism s n e c e s sa r y  for function.
Individuals with peripheral n eu rop ath ies and h em ip leg ia  are th e  
primary can d id a tes  for an AFO .20 O'Sullivan^® s ta te s  that aging  
sign ificantly  in c r e a se s  th e  in c id en ce  of stroke e sp e c ia lly  after th e  
a g e  of 65 . T he annual incidence rate in cr ea se s  from 1 to  2 per 1000  
ind ividuals for th e  gen era l population to 3 .5  per 1000  individuals 
a g e s  5 5  to 64. H ow ever, betw een  65  and 74  years of a g e  the  
in c id en ce  in c r e a se s  to  9 per 100 0  individuals.^® T his population is 
frequently s e e n  in physical therapy d u e to th e in creased  in cid en ce of 
n eu ro log ica l and orthoped ic insu lts.
Our study w a s d esig n ed  to s e e  if an AFO im p o ses  any additional 
detrim ental e ffe c ts  on b a la n ce  in this already com prom ised
3population. T estin g  w a s  carried out on an elderly population a g e s  65  
to  79 . T he purpose of this study is to determ ine if the application of 
a  polypropylene prefabricated  AFO to th e  dom inant low er extrem ity  
of am bulatory individuals, a g e s  6 5  to  79 , with no previous history of 
sign ificant orthoped ic or neurologica l insult, a s  reported by th e  
individual, r e d u ces  th e  individual’s  ability to  maintain dynam ic
balan ce a s  m easu red  by the B alan ce M aster ® .
CHAPTER 2 
LITERATURE REVIEW
B a la n ce  m a in ten a n ce  Is an intricately controlled  activity  
M aintaining dynam ic postural stability is d em on strated  by a  p erso n ’s  
ability to  rem ain upright w hile m oving. To accom p lish  this, 
inform ation m ust continually b e acquired about th e  b od y’s  position  
and m ovem ent through s p a c e  and an effective re sp o n se  m ust be  
predeterm ined  and ex ec u te d . S en so ry  information is acquired from  
th e  v isu a l, vestibular, and so m a to se n so r y  system s.^^-^^ T h e central 
nervous sy ste m  (C N S) then  orders rapid, autom atic postural 
r e sp o n se s  in both feedforv»/ard and feed b a ck  m o d es. T h e se  postural 
r e sp o n se s  require pow er from m u sc le s , range from joints, and
endurance.^  ^
S e n s o r y  S y s t e m s  
T h e se n so r y  s y s te m s  provide redundant information regarding  
th e body’s  position  in s p a c e . F u n c t i o n a l  reserv e  rep re se n ts  th e  
e x c e s s  or redundant function ava ilab le  in virtually all p h ysio log ic  
sy s te m s . R edundant functions and re se r v e s  within postural control 
m ay b e lost gradually (with th e aging p ro cess ) and deficits m ay  
rem ain unapparent until s o m e  critical threshold  is reached  or so m e
unusual s tr e s s  te s t s  th e  sy s te m s  m axim al function.^^ T h e physical 
ch a n g e s  that occur with ag in g  m ay affect th e  functional reserv e  in 
term s of b a la n ce  m ain ten an ce and thus d e c r e a se  th e elderly  
individual’s  ability to  m aintain ba lan ce. T h e introduction of an 
unusual s tr e s s  to  th e  elderly individual m ay h a v e  a  m ore significant 
effect on function than w ould be evident in a you n ger  individual a s  
the reserv es  of redundancy m ay be reduced or a b sen t in the elderly  
W oollacott®  a d d r e s se s  th e  relationship of b a la n ce  m a in ten an ce  to 
sen so ry  c h a n g e s  a s  s h e  co n sid ers  the con cep t of functional reserve  
in th e elderly. D e c r e a s e s  in th e e ffec tiv en ess  of any o n e  of the 
peripheral se n so r y  sy s te m s  with a g e  could d e c r e a se  th e  redundancy  
of se n so r y  inform ation norm ally ava ilab le to th e  participant. With 
su ch  a d e c r e a se , sh ifts in th e relative w eighting of inputs m ay be  
le s s  e ffec tiv e  w hen environm ental c h a n g e s  require it.® AFO’s  are 
proposed  to  red u ce th e  sen so r y  input of th e  foot in con tact with th e  
ground a s  well a s  proprioceptive input. T herefore, th e  proposed  
s tu d y  s e e k s  to s e e  if th e application of an ankle foot o r th o ses  (AFO) 
could  c a u s e  elderly  individuals to reach  th is th eoretica l critical 
threshold  and significantly com prom ise b a lan ce  m a in ten an ce .
A lthough se n so r y  information is obta ined  from th ree  sy s te m s ,  
a  co m p lete  lo s s  of equilibrium during s ta n c e  will not n ecessa r ily  
occur if o n e  of the sy s te m s  is deficient or lost. A shift in
6d om in an ce to o n e  of th e rem aining s e n s e s  results w hen th e dom inant 
s e n s e  is impaired. If m ore than on e of the three primary s e n s e s  is 
d efic ien t, dysequilibrium  will defin ite ly  occur.^'^-^s In fo rm a tio n  
from all th ree sy s te m s  are standards of com p arison s am ong  
th e m s e lv e s  to  sc r e e n  for any d iscrep a n cies .
V isual input sign ifican tly  a s s i s t s  involuntary postural 
ad ju stm en t and fa c ilita tes th e  restoration of b a la n ce  during initial 
p ertu rb ation s of equilibrium.^® V ision b e c o m e s  e v e n  m ore important 
for m aintaining b a la n ce  w hen  com p en sation  for a d efic ien cy  or lo s s  
in o n e  or both of th e  rem aining sen so ry  sy ste m s  is  required.^^ 
R esea rch  h as indicated  that individuals rely s o  heavily  on visual 
input that an inaccurate visual stim ulus m ay b e p erce ived  a s  
o r ien ta tio n a lly  correct.^^
T he vestibular sy stem  se r v e s  a  dual role for b a lan ce  
regulation. During postural sw ay , th is sy stem  m odifies th e  
activation  of th e  appropriate postural m u sc le s . A lso, it d eterm ines  
th e  d e g r e e  of postural sw a y  by providing a  fixed gravitational 
referen ce . V isual and so m a to se n so ry  information are com pared  
a g a in st th is referen ce. This gravitational referen ce  ten d s  to  be lost 
first with v estib u la r  impairm ent.^^
S o m a to se n so r y  inform ation c o n s is ts  of cu ta n eo u s ,  
proprioceptive, and joint receptor input. Acting a lon e , th is
7inform ation is not su ffic ien t to  initiate postural correction .
S tu d ies  p rop ose  tfiat th e  proper postural control pattern can n ot b e  
accu ra te ly  s e le c te d  without so m a to se n so r y  inform ation from th e  
fe e t  or a n k l e s W i t h  red u ced  so m a to se n so ry  inform ation, proper  
postural control relies heavily  on visual input. Dysequilibrium  m ay  
in cr ea se  with both distorted so m a to se n so ry  input and  d im in ished  
visual input. R eg a rd less  of su rface  area, individuals with lo s s  of 
so m a to se n so r y  input from th e fe e t  and an k les m aintain postural
b a la n ce  by relying m ostly on hip musculature.^"^
M o v e m e n t  S t r a t e g ie s  
In addition to sen so r y  information, b a lan ce  in vo lves m otor 
p r o c e s s e s  which control and coordinate th e  action of th e  trunk and  
leg  m u sc le s  into d iscrete  sy n erg ie s  and stra teg ie s  of m u sc le  
activation  that m aintain the body within its b a s e  of support.^®
T h e s e  stra teg ies  are the too ls  u sed  to respond to perturbations and  
to  m aintain neutral alignm ent. T he u se  of a particular stra tegy  
d ep en d s  on th e configuration of the support su rface, th e  s iz e  of th e  
perturbation, and th e  abilities of the individual. B efore voluntary  
m o v em en t is  in itiated, autom atic postural reaction s including ank le, 
hip, and step p in g  s tra teg ie s  are u sed  to correct anterior-posterior  
body sw a y  and to restore equilibrium in re sp o n se  to u n ex p ected  
distu rb ances. M uscle contraction and m ovem ent begin  at th e  ankle
8joint in th e ankle stra tegy  and this strategy  is m ost com m only u sed  
for sm all perturbations on a  firm, w ide surface.2®-29 in th is  
strategy, the body m o v es  a s  a  relatively rigid m a ss  about th e ankle 
joint and resu lts in large and relatively s lo w  m ovem ents.^®  T high  
and trunk m usculature are activated  in a  distal to proximal pattern  
with this strategy . W hen posterior sw a y  occu rs, th e  order of m uscle  
activation  is tib ialis anterior, q u adricep s, and abdom inal m u sc le s .  
During anterior sw a y , th e  s e q u e n c e  is gastrocn em iu s, b icep s  
fem oris, and paraspinal m u s c l e s . ^ ^
M ovem ent cen ters  around the hip joint during th e hip strategy  
and resu lts in rapid m o v em en ts  that cover a short d istan ce.
D e c r e a se s  in support su rface  lengths and forward or backward  
perturbations m ost often  c a u s e  individuals with so m a to se n so r y  lo ss  
to rely on hip m u sc le s  to maintain equilibrium.^^ In d iv id u a ls  
prevent dysequilibrium  with activation of hip m u sc le s  in a proximal 
to distal direction w hen  stand ing  on su r fa ces  shorter than th e length  
of the fe e t .22 Stepp ing is u sed  w hen the cen ter  of gravity is pushed  
beyond  th e limits of stability and b a lan ce  is trying to b e m aintained.
T he effective  u se  of any su ch  strategy d ep en d s  on ad eq u ate  
range of m otion about th e primary ax is joint and sufficient strength  
to initiate and control th e  m ovem ent. T he ankle strategy is th e m ost 
com m only u sed  strategy  in th e elderly.^^-^® T his strategy  con tin u es
9to b e u sed  until it is no longer effective  for b a lan ce  m ain ten an ce.
A s the support su rface is reduced  or range of perturbation is 
in crea sed , an individual p r o g r e sse s  from t h e  ankle to hip s t r a t e g y . 2 2
T he activation of ankle m usculature h elp s retain an 
individual’s  cen ter  of gravity under normal s e n so r y  con d ition s. 
A dequ ate  sen so r y  input and appropriate postural s tr a te g ie s  are  
n e c e s sa r y  for m aintaining b a lan ce.
C h a n g es in b a lan ce m ain ten an ce a sso c ia te d  with a g e  w ere  
docum ented  by Iverson et al.^^ B a lan ce and m u sc le  perform ance data  
w ere co llected  on 54 m en aged  60  to  90 years. B alance w a s  
a s s e s s e d  using th e sharpened  Rhom berg te s t (SR) and the o n e  legged  
s ta n c e  te s t (OLST) on ea ch  foot with e y e s  open  and e y e s  c lo sed . T he  
d ocu m en ted  d ecrem en ts  in b a lan ce  tim es and force productions  
revea led  a significant n ega tive  relationship b etw een  a g e  and b a lan ce  
tim es. T he force of th e  hip m usculature w as m easu red  with a  
quantitative m u sc le  te s te r  (QMT), w hich is  a  stra in -gau ge, hand-held  
dynam om eter. Key m u sc les  te s te d  w ere th e hip flexors, ex ten so rs , 
and abductors. Force production w a s  found to b e positively  
correlated  with b a la n ce  tim es and w a s sign ificantly  in flu en ced  by 
th e  reported activity level of th e  su bject. D e c r e a se s  in force  
production w ere a s so c ia te d  with d e c r e a se d  b a la n ce  tim es a s  well a s  
d e c r e a se d  activity l e v e l s . T h e  authors h yp oth esized  that
10
d e c r e a s e s  in m u sc le  m a ss prevalent in th e  elderly, e sp ec ia lly  of 
b ack  e x te n so r s  and proximal low er extrem ity m u sc le s , w ere  
resp on sib le  for th e  c h a n g e s  found in b a la n ce  tim es.
B riggs found sim ilar results in his research  testin g  71 non ­
institutionalized elderly w om en a g ed  60  to  8 6  y ea rs . He a lso  
utilized th e  Rhomberg test and OLST a s  m ea su res  of balance. T he  
p u rp ose of his research  w a s sim ilar to  that of Iverson and threefold  
in nature; to co llect data on healthy elderly w om en; to  determ ine  
th e  relationship b etw een  b a lan ce tim es and falls; and to determ ine  
th e  effect of w earing s h o e s  on b a lan ce. His resu lts, like Iverson's, 
sh o w ed  an in verse relationship b etw een  th e resu lts of th e Rhom berg  
te s t  and OLST and a ge . The m ean ba lance tim es and the Rhomberg 
d e c r e a se d  a s  a g e  in creased . T he sh o e s -o n  and sh o es-o ff  conditions  
produced  no significant d ifferen ces in b a la n ce  performance.^^
W oollacott, Shum w ay-C ook, and Nashner® a ttem p ted  to 
d ocu m en t c h a n g e s  in sen so ry  organization and m uscular  
coordination. Their aim w a s to determ ine w hether reduced  b a lan ce  
control In tw elve  61 to 78  year o ld s  w a s  a s so c ia te d  with alteration  
in neurom uscular function. T he timing and organization  of m uscular  
r e s p o n se s  of the autom atic postural r e sp o n se  sy ste m  in this group  
w ere com pared  to that of the younger population. T he study  
s u g g e s te d  an in crease  in latency tim e of th e  distal m u sc le s  in
11
r e sp o n se  to anterior and posterior perturbations in th e older group.
In 5  of the 12 older su b jec ts, th e pattern of distal to proximal 
m u sc le  activation w a s  reversed.^^
O ther d ocu m en ted  age-re la ted  c h a n g e s  in relation to postural 
control and sen so r y  input include in crea sed  th resh o ld s  of 
excitability  for cu ta n eo u s  se n sa tio n  and p r o p r i o c e p t i o n . ^ - ^ ^ - a s  
S ek u ler  et al^® d ocu m en ted  a sign ificant reduction in v isu a l spatia l 
sen sitiv ity  in th e  elderly e sp e c ia lly  with relation to  low  spatia l 
freq u en c ie s  and slow  m oving targets . T his finding is sign ificant in 
that low  freq u en cy  v isual inform ation is  utilized in postural
stabilization.®®-®'^-®^ The elderly m ay not be ab le to u se  visual
inform ation optim ally for postural stab iliza tion .
In sum m ary, th e elderly h a v e  an in crea sed  potential for 
incurring deficits in b a lan ce  m ain ten an ce. T he n e c e s sa r y  m uscular  
fo rce s  d e c r e a se  and th e m u sc le  re sp o n se  tim e in c r e a se s  in elderly  
individuals. T he ability to  respond  to altered se n so r y  cond itions is 
affected  with a g e .
A n k le  F o o t  O r th o s e s  
External aids su ch  a s  AFO’s  are often u sed  a s  part of a  
co m p reh en siv e  m an agem en t of the accum ulative e ffec ts  of ag ing . 
P h ysica l th erap ists frequently u s e  AFO’s  a s  part of th e  treatm ent 
plan for individuals with a variety of d ia g n o se s . T h e primary
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ca n d id a tes  for AFO’s  are th o se  with peripheral neuropathy and
hem iplegia .^®  A ccording to Lehman,®® AFO’s  are th e m ost com m only
u se d  orthotic d ev ic e  and se r v e  at lea st three purposes:
(1) medial/lateral stability of the ankle during stance phase to prevent 
inadvertent twisting of this joint; (2) toe pick-up during swing phase to prevent 
toe dragging and subsequent stumbling or falling; and (3) push off simulation 
during the latter part of the stance phase, thus approximating more normal gait 
and reducing energy expenditure.
W hile AFO’s  m ay be beneficia l, th ere are n ega tive  m echanical 
c o n s e q u e n c e s  to their use.®® A ccording to  Schenkm an,® ® the  
limitation of m ovem ent provided by th e  AFO a lso  renders th e  ankle 
stra tegy  no longer functionally u sefu l. As m entioned  previously , the  
ankle strategy  is th e m ost com m only u sed  strategy  for b a lan ce  
m a in ten an ce  in th e elderly.^®'^® This lo s s  of ankle joint range of 
m otion  p rev en ts  individuals from  correcting  an terior-posterior  
cen ter  of gravity d isp la cem en ts  by bringing th e  tibia over th e  foot. 
C orrections for this d isp la cem en t could b e m ad e by flexing at the  
hip and con seq u en tly  bringing the body m a ss  forward over th e  foot 
through reliance on m ore proximal musculature.®® T his proxim al 
r e sp o n se  m ay b e limited in th e  elderly due to the d ocu m en ted  
w e a k n e s s  of proximal m usculature m en tion ed  previously.®^ 
Schenkman®® q u estio n s  if, in th e  ev en t of lo s s  of dorsiflexion  motion 
about th e  ankle, th e individual can  learn and adopt an alternate  
abnorm al strategy  to th e  traditional ankle strategy . T he adoption of
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an a lternate abnorm al stra tegy  unilaterally m ay produce an 
Incongruency in th e u se  of s tr a te g ie s  b e tw een  th e  low er  
extrem ities, ca u sin g  an unfavorable m ech an ica l co n seq u en ce .^ ^  T he  
braced  extrem ity w ould u s e  a  m ore proximal stra tegy  w here a s  the  
unbraced  extrem ity w ould Initiate th e  norm al d istal to  proxim al 
pattern of recruitm ent. T his Im balanced  m u scu lar recruitm ent 
pattern could  potentially produce Instability. S u ch  Incongruency of 
stra teg ie s  m ay b e a  c o n se q u e n c e  of AFO u s e  and further study of this 
p o ssib le  c o n se q u e n c e  Is n eed ed .
A ccording to Shum way-Cook,^® In healthy adults th e  preferred  
se n so r y  Input for th e control of b a la n ce  Is so m a to se n so r y  
Information from th e  fe e t  In con tact with th e  supporting su rfa ce .
An AFO would prevent th e fe e t  from having direct con tact with the  
ground. AFO application m ay com p rom ise th e so m a to se n so ry  Input 
from th e fee t and thus a  major contributor to b a la n ce  control m ay be  
altered or lost.
M an ch ester  and Woollacott®^ a ttem p ted  to  Identify a g e -r e la te d  
c h a n g e s  In the contributions of so m a to se n so r y  and v isual Inputs to  
b a lan ce  control by com paring a  group of s ix teen  18 to  32  year o lds  
to  a group of s ix teen  60  to 78  year o ld s. T h e resea rch ers quantified  
electrom yograp h ic (EMG) r e s p o n se s  follow ing d isp la cem en t on a  
m ovab le  platform. T he am ount of v isu a l Input w a s  controlled w hile
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so m a to se n so ry  input at the ankle w a s controlled by keep ing the  
ankle at approxim ately a 90 d eg ree  an g le . V estibular input 
su b seq u en tly  b eca m e  th e primary factor in b a la n ce  m ain tenance. 
M uscle r e sp o n se  la ten c ies  remain co n sisten t a c r o ss  a g e  groups. T he  
older group w a s le s s  stab le w hen ankle so m a to se n sa tio n  and  
peripheral v ision  w ere controlled. T h e older population u sed  
proximal to  distal pattern of activation (ie . hip strategy) m ore
o f t e n .^2  T he AFO is hypothesized  to limit th e  m otion at the ankle a s
w a s d on e in this study by other m ean s, it is a lso  h yp othesized  to  
alter so m a to se n so r y  input from the ankle and c a u s e  asym m etrical 
inform ation from th e  an k les with unilateral AFO application.
AFO’s  are com m only u sed  orthotics in elderly patients and can  
be both beneficial and detrimental. AFO’s  m ay reduce the  
e ffe c t iv e n e s s  of the ankle strategy and d e c r e a s e  so m a to se n so ry  
input of th e  foot to th e  supporting su rface. C onseq u en tly , b a lan ce  
could b e  affected . T his study s e e k s  to quantify ch a n g e s  in b a lan ce  
m ea su res  a s  a  result of AFO application, N o research  h as b een  found  
to support or n eg a te  th e s e  ch a n g es  a s  a result of AFO application.
F o r c e  P la t fo r m s  
Postural instability can b e m easured  in various w a y s. M ethods 
of m easu rem en t m ay b e divided into three ca teg o r ies: m easu rem en t  
of body se g m e n t d isp lacem en t during stand ing posture; m easu rem en t
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of m u sc le  activity resp on sib le  for the m a in ten an ce  of posture; and  
m easu rem en t of th e m ovem ent of th e cen ter  of pressure.'^® T he  
latter m ethod of m ea su rem en t u tilizes a  b io m ech a n ic s  platform  
(force platform, force  plate) con sistin g  of a rigid p late supported  by 
force  tran sdu cers, usually p laced  at th e corners, that can  sa m p le  th e  
th ree  orthogonal co m p on en ts  of applied fo rces  and force  moments."^ 
T hree a sp e c ts  of postural control h ave  b een  eva lu ated  using force  
platform s: s te a d in e s s , sym m etry, and dynam ic stability. S te a d in e s s  
is defined  a s  th e ability to k eep  th e body a s  m otion less  a s  p ossib le . 
Sym m etry is th e  ability to distribute w eight even ly  b e tw een  th e  two  
fe e t  in upright s ta n c e . D ynam ic stability is defined  a s  the ability to 
transfer th e  vertical projection of th e  cen ter  of gravity (COG) 
around the supporting b a se . According to G oldie et ak^s s y m m e tr y  
and dynam ic stability m ea su res  are ea s ily  defined  through force  
platform outputs.
Underlying all these indices is an assumption that unsteadiness is 
proportional to the variability of the force platform outputs and that the 
measures described therefore have face validity. However, steadiness has 
not been theoretically defined in terms of force platform measures.
Furthermore, there is no external criterion against which the validity of
measures can be established.'^^
G o ld ie ‘S® found cen ter  of p ressure and force m ea su res  to  be  
rep resen ta tive  of c h a n g e s  in s ta n c e  difficulty. S h e  te s te d  2 8  
healthy  su b jec ts  in four b a sic  s ta n c e  p osition s. S te a d in e ss  of
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s ta n c e  w a s  ev a lu a ted  u sing force  platform s. This study lend ed  
support for th e fa c e  validity of force platform m easures.'^^  
B iom ech an ic  m ea su res  of postural instability m ay be m ore p recise  
and le s s  d ep en d en t on ob server  variability than conventional 
m e a s u r e s , su ch  a s  m aking ob jective  follow -up m ea su rem en ts
testin g  in terventions on b a la n ce  and gait."^^
B a la n c e  M aster
T he B alance M aster © is  a  highly quantitative tool u sed  for
b a la n ce  a s s e s s m e n t . T he b a sic  com p on en ts of ba lan ce control 
a s s e s s e d  include cen ter  of gravity/center of m a ss  (COG/COM ), 
postural a lignm ent, lim its of stability (LO S), and rhythmic w eight 
sh ifts. S ix  standard protocols h ave  b een  esta b lish ed  to m easu re  
th e s e  co m p o n en ts  and to  eva lu a te  both static and dynam ic control of 
th e patient’s  COG. S u b tests  o n e  through three a s s e s s  postural 
alignm ent by having th e individual stand  on the force plate with ey e s  
op en , with e y e s  c lo sed , and with focu sin g  on a visual target on the 
com puter sc r e e n . S u b tests  four and five eva lu a te  an individual’s  
ability to perform  rhythmic w eigh t sh ifts in th e  lateral and  
anterior-posterior d irection s. S u b te st  s ix  e v a lu a te s  th e  patien t’s  
ability to  m ove through various a n g le s  within the LOS."^ "^  T he LOS for 
standing b a lan ce  is defined a s  the maximum an g le  a  body can  ach ieve
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from th e  vertical without losing  o n e ’s  b a la n ce . A fall, stum b le , or 
step  will occur o n c e  the LOS is exceed ed .^ ^  A ccording to N ashner,^°  
th e LOS is 8 d e g r e e s  in the anterior direction, 4  d e g r e e s  in th e  
posterior d irection, and 16 d e g r e e s  in th e  lateral direction.
W ea k n ess  of ankle or hip m usculature can  ad verse ly  affect an  
individual’s  LOS.^^ R esu lts  of th e s ix  s u b te s t s  are num erically  
com puted  on th e  b a s is  of quality, control, and sp e e d . Quality is 
b a sed  on error or deviation  from a  straight line in th e path to the  
target. Control is determ ined by th e  sw a y  or s te a d in e s s  upon  
reaching th e  target, and sp e e d  is a s s e s s e d  by th e  transition tim e or 
sp e e d  of m ovem en t to  reach th e  target.'^'^
S u m m a r y
Equilibrium is d ep en d en t upon th e  th ree  se n so r y  sy s te m s  and  
m u sc le  s tr a te g ie s  working within th e functional reserv e . With 
aging, th e s e  co m p o n en ts  tend  to h a v e  red u ced  functional capab ilities  
and m ore readily ex p er ien ce  breakdow n. T h e additive e ffec ts  of a g e -  
related c h a n g e s  can  b e  dem onstrated  in th e  elderly population. T he  
introduction of an external aid su ch  a s  an AFO m ay further alter th e  
e ffe c t iv e n e s s  of th e  co m p o n en ts  required for b a la n ce  control in th e  
elderly. Limited s tu d ie s  ex ist  in th e  literature a d d ressin g  the  
effect of AFO’s  on  b a lan ce. T he B alance M aster ^ s  an  ob jective  
m ea su re  for a s s e s s in g  b a la n ce  regulation. Patla"^^ h a s  determ ined
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that “the developm en t of a  data b a se  on normal c h a n g e s  in ba lance  
control with a g e  is e ssen tia l, not only to our understanding of the
e ffe c ts  of d is e a s e  p r o c e s s e s ,  but a lso  to a s s is t  u s in helping th e
elderly to enjoy a  better quality of life.” W e h y p o th esize  that the  
application of an AFO to a  well elderly population will reduce an  
individual’s  ability to m aintain dynam ic b a lan ce , a s  m easu red  by th e  
B alan ce M a ster®  If data is found to support this h yp oth esis,
additional research  on s e le c t  populations, su ch  a s  h em ip leg ic  or
neurologically  involved su b jec ts , would be a d v oca ted  with th e goal
of m ore e ffec tiv e  patient care .
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CHAPTER 3 
METHODOLOGY 
Subjects and Study Site
V olu n teers for th is study w ere recruited from local sen io r  
citizen  cen ter s . Potential participants w ere  given  verbal and  
written inform ation regarding both th e  nature of our research , 
scree n in g  for eligibility, and th e  p roced u res that would tak e p lace .
At th e  end  of th e information s e s s io n , individuals w ere g iven  a  
ch a n ce  to a sk  any q u estion s or request further explanation . W hen all 
q u estio n s  had b een  an sw ered  to th e sa tisfaction  of th e individuals, 
they w ere a sk ed  to read over and sign  an informed co n sen t form 
(A ppendix A) prepared by th e  principal investigators.
Procedures
Individuals w ere s c r e e n e d  by th e  principal in vestigators. E ach  
individual w a s  a sk ed  to  fill out an inform ation s h e e t  regarding their 
past m ed ica l history and functional s ta tu s  at th e p resen t tim e  
(A ppendix B). In an effort to in crea se  th e hom ogen eity  of our 
sa m p le , e a c h  participant m et th e  follow ing eligibility criteria:
(1) a g e d  6 5 -7 9  y ea rs , (2) am bulatory without a s s is t iv e  devices,^"'
(3) in d ep en d en t in activ ities of daily living,^  ^ (4) ab le to  statically
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stand  for s e v e n  m inutes, (5) good  v isual acuity^ ° a s  determ ined by
s c o r e s  on th e  S n ellen  V ision S creen , (6) deny history of any  
s ign ifican t n eu ro log ica l insult including cereb ro v a scu la r  acc id en t  
(CVA), Park inson’s  d is e a s e ,  multiple s c le r o s is , dem entia , peripheral 
n erve injury or deficit to th e  lower ex trem ities, head  injury, middle 
ear  d is e a s e , or any other significant b a la n ce  impairment resulting  
in m ore than two falls in th e past six  months,^-^^ (7) deny history of 
sign ificant orthoped ic insult including hip or k n ee  joint 
rep lacem en t, limb am putation , u n h ea led  fractu res, instability in hip, 
k n ee, or ankle joints, and (8) ankle range of m otion (ROM) to neutral.
E igh teen  elig ib le  participants’ height and w eight w ere  
m easu red  using a  m easuring tape to th e n ea rest 0 .5  inch and the
intrinsic s c a le  on the B a lan ce M aster © . Leg dom inance w as
determ ined  according to the B ruin inks-O seretsky T est of Motor 
Proficiency pretest for arm and leg  dom inance. A prefabricated AFO 
w a s p laced  on  the previously determ ined dom inant leg. Participants 
w ere instructed to walk a  d istan ce  of 2 5  fe e t  to  ch eck  for fit and  
com fort. Further ad justm ents w ere m ad e at th e  individual’s  request.
B alance w a s a s s e s s e d  using the B a lan ce M aster @ 3.2  version  
follow ing th e standard protocol a s  sta ted  in th e  B alance M aster @ 
user’s  m anual. T he B alance M aster@ protocol co n s is ted  of six
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s u b te s ts  arranged  in th e  follow ing order: (1) a lign /no ta r g e t/e y e s
o p en , a  sta tic  te s t  m easuring  sw ay; (2) a lign /no target/ e y e s  c lo sed , 
a  sta tic  te s t  m easuring  sw a y  without v isual aid; (3) align cen ter  
target, participant h a s  to try to m aintain th e  cursor within a  target 
area  at their approxim ate COG a s  determ ined  by height and weight;
(4) rhythm ic w eigh t sh ifts/la tera l, participants are  a sk e d  to  fo llow  
a  cursor at th ree  different s p e e d s  by shifting their w eigh t from left 
to  right and right to  left within a target a rea  (Fig 1); (5) rhythmic 
w eig h t sh ifts /a n ter io r-p o ster io r , p artic ip an ts w ere  a s k e d  to fo llow  
a  cursor at th ree different s p e e d s  by shifting their w eigh t from  
forw ards to backw ards and backw ards to forw ards within a  target 
area; and (6) limits of stability (LO S), participant is a sk ed  to  shift 
their w eigh t m oving primarily at th e  an k les  to  targ ets  p laced  at 75  
percent of th e estim ated  LOS (Fig 2). T he LOS su b test includes eight 
tran sition s w hich identify th e  direction  of w eigh t sh ift required to  
reach  th e  target. T h e se  transitions, num bered  o n e  through eight, 
begin  in th e  tw elve  o ’clock  position (zero  d e g r e e s)  and p roceed  in a 
c lo ck w ise  direction in 4 5  d e g r e e  in crem en ts. Transition o n e  b eg in s  
with th e  individual sh ifting w eigh t forward tow ard s th e  zero  d e g r e e  
p osition . Transition tw o requires th e  individual to  w eigh t shift in a  
right forward direction tow ard th e 4 5  d e g r e e  target position . T he  
B alan ce M aster ^ protocol w a s  fo llow ed  with th e  ex ce p tio n  that
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participants w ere te s te d  in appropriate foo tw ear to  a cco m m o d a te  
th e  application of an AFO. A standard w alker w a s adjusted  to  th e  
participant’s  height. In th e ev en t of a lo s s  of b a lan ce , individuals 
w ere  instructed  to reach for th e walker.
E ach  individual w a s  te s te d  tw ice  with th e  B a lan ce  M aster ®
m achine, o n ce  with an AFO and o n ce  without an AFO. S eq u en cin g  of 
te s t  cond itions w a s randomly a ss ig n e d . Follow ing testin g  under the  
first condition, the participant w a s  g iven  a  rest of 7  to 10 m inutes. 
T he su b jec ts  w ere instructed to stand  on th e  force platform.
Foot p lacem en t w a s determ ined according to the B a lan ce M a s te r ®
protocol. Verbal prom pts w ere read by th e investigator directly 
from th e sc r e e n  to the individual prior to  ea ch  su b test. Opportunity 
w a s  g iven  for further explanation  b efore th e testin g  b egan . 
P articipants w ere informed w hen  th e te s t  would begin  and w hen it 
had ended.
D a ta  R e d u c t io n  
T he data recorded without the AFO acted  a s  control data and  
th e  data recorded with the AFO a s  th e experim ental data.
Individuals s e n /e d  a s  their ow n controls. T he data w a s an alyzed  
com p arative ly  for sta tistica l s ig n ific a n c e . In su b te s ts  o n e  through  
th ree, sw a y  area  w a s  analyzed  using a paired T -test with p <0 .05 . In
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su b te s ts  four and five, s p e e d  and endpoint position  w ere an alyzed  
using a  paired T -test with p <0 .05 . In su b test  six, sp e e d , path error 
and sw a y  area  w ere an alyzed  using a paired T -test with p<0.05 .
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CHAPTER 4
R E SU L T S
Characteristics of Participants
T w elve w om en and s ix  m en ranging from 6 5  to 7 9  y ea rs  of a g e  
participated in this research  project. T he m ean  a g e  of the  
participants w as 7 1 .2  y ea rs . All participants w ere  found to b e right 
foo t dom inant accord ing to th e  B ruin inks-O seretsky te s t  for leg  
d om in an ce. Thus, all AFO trials involved the right low er extrem ity.
D a ta  A n a ly s is
For each  participant, s c o r e s  of th e trial with AFO and trial 
w ithout AFO w ere a n a ly zed  for statistical s ig n ifica n ce  u sin g  th e  
paired T -test with p < 0 .05  (T ables 1, 2). T he N v a lu es  varied b e c a u se  
portions of data could  not b e  u sed  for statistical a n a ly sis . P oints of 
s ig n ifica n ce  b etw een  trials with AFO and trials w ithout AFO w ere
iso la ted  to two su b te s ts  of the B alance M aster © p rotoco l: rhythmic
w eigh t shifting (left/right) and LOS.
Within th e rhythm ic w eigh t sh ifting (left/right) s u b te s t , tw o  
a rea s  of sign ificance w ere found. During the th ree se c o n d  pacing  
interval, trials without AFO had a  greater m ean  tim e (se c o n d s)  
standard deviation (SD ) than trials with AFO (p = 0 .0 0 4 8 ), (F igs 3 , 4). 
T h e tim e standard deviation  refers to standard deviation  of the
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tim e n eed ed  to cover th e path length. During the o n e  se c o n d  pacing  
interval, trials without AFO had a  greater  m ean  o ffset SD  (percent 
LOS) than trials with AFO (p = 0 .0 2 5 2 ), (Fig 5). T h e o ffset SD  refers 
to  th e  a v e r a g e  am ount of variability from th e  m ean  d ista n ce  aw ay  
from th e  target.
S ev era l a rea s  of sign ifican ce  w ere revea led  in th e  LOS 
su b test . Tw o a rea s  w ere found in transition o n e  in a  forward 
direction. Trials without AFO had a greater m ean  target sw a y  
(p ercen t m axim um  area) than trials with AFO (p = 0 .0 2 8 4 ), (Fig 6). 
T arget sw a y  is th e  sw a y  that occu rs o n ce  the individual h a s  reached  
th e  target position . A lso, trials with AFO had a  greater m ean  
direction error (d e g r e e s)  than trials w ithout AFO (p = 0 .0 4 5 1 ), (Fig 7). 
T h e direction error refers to  th e  d e g r e e  deviation  from th e  d esired  
path to  th e  target. Four a rea s  of s ign ifican ce w ere found in 
transition  tw o in a  right forward d irection. First, trials with AFO  
had a  greater  m ean  patient position (percent LOS) than trials 
w ithout AFO (p = 0 .0 0 4 6 ), (Fig 8). T he patient position  is th e final 
location  reach ed  by e a c h  individual a s  m ea su red  by a percent of the  
individual’s  ava ilab le LOS. S eco n d , trials without AFO had a  greater  
m ean  patient position  (d e g r e e s)  than trials with AFO (p = 0 .0 1 3 5 ),
(Fig 9 ). T h e patient position in this c a s e  refers to th e final location  
reach ed  by ea ch  individual a s  m easu red  by the d e g r e e s  of variance
26
from the first 45  d eg ree  interval. Third, trials with AFO had a  
greater m ean  d ista n ce  error (percent LOS) than trials without AFO 
(p = 0 .0052), (Fig 10). The d istan ce  error is th e  d ista n ce  a s  ex p ressed  
by a  percent that th e individual fell short of reaching th e 75  percent 
LOS. Finally, trials without AFO had a  greater m ean  direction error 
(d eg rees) than trials with AFO (p= 0 .0 1 3 5 ), (Fig 11). T h e final areas  
of s ign ifica n ce  w ere  found in transition five  in a  backward  
direction. Trials with AFO had a  greater m ean  m ovem en t tim e  
(se c o n d s)  and path sw a y  (percent path length) than  trials without 
AFO (p = 0 .0 2 6 7  and p = 0 .0085  respectively), (F igs 12, 13). T he  
m ovem ent tim e is  th e am ount of tim e n e e d e d  to m ove to the target, 
and the path sw a y  is th e  am ount of sw a y  that occurred enroute to  
th e target.
H y p o t h e s i s /R e s e a r c h  Q u e s t io n  
Our h yp oth esis  s ta te s  that th e application of an AFO to the  
dom inant low er extrem ity of well elderly  will red u ce  an individual’s  
ability to  m aintain dynam ic ba lan ce, a s  m easu red  by the B a lan ce  
M aster ®  This h y p o th esis  w as supported  by th e statistical 
s ig n ifica n ce  found in s e le c t  a rea s  of th e  rhythmic w eigh t sh ift 
(right/left) and th e  LOS su b te s ts . For all other su b te s ts , trials with 
AFO and trials w ithout AFO did not sh o w  statistica lly  sign ificant 
results; th erefore , th e  research  h y p o th e s is  w a s  rejected .
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CHAPTER 5 
DISCUSSION AND IMPLICATIONS
Discussion/Suggestions for Research
S evera l a r e a s  noted  in our literature review , a s  well a s  our 
d ata  and su b jective  o b serva tion s during trials, m ay h a v e  sign ificant 
im pact on further research . Our study is o n e  attem pt to objectively  
quantify ch a n g e s  in b a lan ce noted with AFO u se . T he data  revea led  
a r e a s  of s ign ifica n ce  in relation to trials with AFO and without AFO  
in th e  elderly; how ever, lim itations of this stud y  m ay prevent any  
sp ec ific  co n c lu s io n s  from being drawn. Our resu lts support th e  
h yp o th esis  that AFO application d o e s  in fluence s o m e  factors  
a sso c ia te d  with b a la n ce  m ain tenance a s  m easu red  by th e  B alan ce  
M aster ® in  our sa m p le  population.
In su b te s ts  o n e  through three, the obtained p v a lu e s  w ere not 
sign ificant. During th e s e  su b te s ts , no sta tistica l d ifferen ce  w a s  
found b etw een  trials with AFO and without AFO. T h e se  findings m ay  
s u g g e s t  AFO h ave  no m easu rab le  e ffec ts  on static  stand ing  ba lan ce.
T h e first a rea  of s ig n ifican ce  w a s  found in th e rhythmic 
w eigh t shifting (left/right) su b test . Trials with AFO had le s s  
variability in the sam p led  tim es at th e  three se c o n d  s p e e d  than  
trials without AFO (p = 0 .0 0 4 8 ). Trials without AFO d em on strated
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greater variability in th e sa m p led  tim es. A p o ssib le  explanation  
m ay b e  an in crea se  in tactile feed b a ck  to th e low er leg  a s  a  result of 
AFO application. This in crease  in feed b ack  m ay h ave allow ed e a s ie r  
error correction and s p e e d  m odification in w eight sh ifts s id e  to  
s id e . H orak^^and Shum w ay-C ook s u g g e s t  that AFO application  
m ay com prom ise th e  so m a to se n so r y  input, therefore, losing a major 
contributor to ba lan ce m ain tenance. T he AFO m ay provide a rigid 
fram ew ork fosterin g  m ore c o n s is te n t  m ovem en t tim es . Trials 
without AFO m ay have had le s s  tactile input making correction and  
m odification relatively d elayed  and in con sisten t.
According to the B alance M aster © p ro to co l, right and left 
boundary targets w ere p laced  at 50  percent of th e  individual’s 
calcu lated  LOS. Individual’s  actual LOS w a s calcu lated  in the  
B alan ce M aster © p rotoco l a s  a  result of height and w eight 
m easu rem en ts. An idea for future study w ould be to exam in e the  
e ffe c ts  of AFO application in w eigh t sh ifts (right/left) beyond  the  
50  percent boundary a s  in the protocol. This in crease  in percent LOS 
m ay elicit m ore d iscrep en cies  b e tw een  AFO and non-AFO trials.
A nother sign ifican t a rea  within th e  rhythmic w eigh t shifting  
su b test is that AFO trials w ere found to h a v e  le s s  variability in the  
d ista n ce  from the target line during w eight sh ifts at the o n e  se c o n d  
pacing (p=0 .0252). T he above explanation m ay a lso  apply in this
2 9
situation . An in cr ea se  in tactile input provided by th e  configuration  
of th e  AFO m ay facilitate error correction and m odification and thus  
in c r e a se  target accu racy .
Additional a rea s  of s ign ifican ce  w ere revea led  in th e LOS 
su b te s t  regarding th e  quantity and th e quality of m ovem ent. In 
regards to  th e quality of m ovem ent in th e  forward direction, the  
resu lts  ob ta in ed  for direction error and target sw a y  in the forward 
and  the right forward d irections s e e m e d  to conflict. Trials with 
AFO in th e  forward direction had greater  direction error in obtaining  
th e  sp ec if ied  target (p = 0 .0451); yet, o n c e  at th e  target AFO trials 
had le s s  target sw a y  than trials without AFO (p = 0 .0 2 8 4 ). AFO 
application m ay alter th e am ount of ROM availab le for forward 
w eig h t sh ift m ovem en t s tr a te g ie s  n e e d e d  for dynam ic stability yet 
a id ed  sta tic  stability o n c e  volitional m ovem en t c e a s e d . T he rigidity 
of th e  AFO m ay limit the ability for the graded control n eed ed  for 
p r e c ise  increm ental m ovem ent but m ay provide support while 
sta tica lly  p ositio n ed . H ow ever, in th e  right forward direction, 
direction error w a s  greater in trials w ithout AFO. T his apparent 
contradiction  is  difficult to  explain  b a se d  on th e  sa m p le  s iz e  in th is  
study. Further testin g  with larger sa m p le  s iz e s  could  lend support 
and perh ap s offer further explanation  regarding AFO and non-AFO  
trial d if fe r e n c e s .
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A lso  in the right forward transition, triais with AFO sh o w ed  a  
greater  d is ta n ce  error from th e  target LOS than in triais without 
AFO (p = 0 .0052). A s su g g e s te d  earlier, the rigidity of th e  AFO may 
limit th e ability for graded  control n e e d e d  for p rec ise  increm ental 
m o v em en t.
In regards to  th e  quantity of m ovem ent, a rea s of sign ificance  
w ere  found in th e  LOS su b test w hen  participants w ere required to  
shift w eigh t in th e  right forward direction. In trials with AFO 
participants w ere m ore co n s is ten t in their ablility to reach a  larger 
p ercen ta g e  of their target LOS than in trials without AFO (p = 0 .0046). 
O n ce  again , th e  participant m ay h a v e  b een  able to u se  the rigidity of 
th e  AFO to g ive  additional external support to reach th e target LOS 
in th e  right forward direction.
T he target LOS proposed  by the B alance M aster © p rotoco l w as  
at 7 5  percent of th e  ca lcu lated  LOS. The limitations of ankle ROM a s  
a result of AFO application m ay not h ave b een  significant within this 
7 5  percent LOS. Further investigation  m ay sh ow  AFO application to 
h a v e  m ore sign ificant e ffe c ts  on w eight shifting a s  th e  individual 
ap p roach es h is actual LOS.
A nother sign ificant a rea  in shifting w eigh t in th e  right 
forward direction is  patient position  m ea su red  in d eg r e e s(p = 0 .0 1 3 5 ) .  
Trials with AFO ten d ed  to  d ev ia te  anteriorly (forward) in contrast to
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trials without AFO w hich ten d ed  to d ev ia te  laterally (right). S in ce  
th e  posterior structure of the AFO is in con tact with th e posterior  
a sp e c t  of th e  leg , th e AFO could  m ore readily facilitate an anterior 
translation  rather than a lateral translation .
Finally, another area  of s ig n ifica n ce  regarding the quality of 
m ovem en t v^as w hen  participants w ere  a sk ed  to shift w eigh t  
posteriorly to a target LOS (at 7 5  percent ca lcu lated  LOS). Trials 
with AFO yie lded  a  greater m ovem en t tim e (p = 0 .0267 ) and a greater  
path sw a y  (p = 0 .0085 ) than trials without AFO. O n ce again , a  
p o ssib le  explanation  m ay be d u e that th e  rigidity of the AFO limited 
graded  control. M ovem ent with AFO w ould co n sist  of graded  
plantarflexion with primary control of th e  ank le provided by tibialis 
anterior. With an  AFO, the ankle is fixed at a  90  d eg ree  angle  
k eep in g  th e  tibialis anterior in a relatively sh o rten ed  position . 
Control within th e sh orten ed  position  m ay b e m ore p h asic  or 
sp orad ic in nature yielding a  le s s  accu rate  target path and m ore 
lengthy tim e of m ovem ent.
L im ita tions
T o further clarify this study and th e  resu lts  obta ined , th e  
lim itations inherent to our study n eed  to  b e  d isc u sse d .
First, a  potential learning effect could h a v e  occurred w hile  
te stin g  participants. S in ce  th e  first trial w a s  th e  participant's
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first introduction to th e task , ch a n g e s  noted  during th e se c o n d  trial 
could b e attributed to a  learning effect rather than the p r e se n c e  or 
a b s e n c e  of an AFO. Random ization of th e order of trials with AFO 
and without AFO m inim ize any d iscrepancy. Although our data did 
not d ep ict su ch  resu lts, su bjective  o b serv a tio n s  of in crea sed  
understanding and e a s e  of task  with su b se q u e n t trials support this 
con cep t. Further research  to determ ine a  standard  num ber of trials 
n e c e s sa r y  to elim inate a  learning effect a s  a potential factor would  
b e of in terest.
A nother limitation to our study w a s  that a  relatively sm all 
sam p le  s iz e  w a s  u sed  and that it w a s a  sa m p le  of co n v en ien ce . 
V olu n teers w ere  recruited primarily from loca l sen io r  c itizen  
cen ters. A majority w ere regular a tte n d e e s  of an e x e r c ise  c la s s  for 
th e elderly. Our sa m p le  is not a true reflection of a  cr o ss  section  of 
th e elderly population but rather a sm all group of well elderly a s  
determ ined by our screen in g  procedure. C onseq u en tly , our results 
can  not b e applied to the general population. Our results do serv e  a s  
sign ificant stim ulus for further research  in th is area .
T he u s e  of th e  B alance M aster® as a  m easu re  of ch a n g e s  in 
b alan ce a s  a  result of AFO application m ay a lso  b e a limitation. T he  
indicators of stability u sed  by the B a lan ce M aster © a r e  b a sed  on 
cen ter of pressure (COP) m easu res. This m ay not have b een  the m ost
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ideal m easu re  of th e  e ffects  of AFO application. T he B a lan ce  
M aster ^ p r o to c o ls  w ere d es ig n ed  to m easu re  b a lan ce by using the  
ank le stra tegy  a s  a  primary m ea n s  to m aintain stability. A ccording  
to  Schenkm an.^ ^ the limitation of m ovem ent provided by th e  AFO  
renders th e  ankle stra tegy  no longer functionally usefu l. T he ability 
to  m ea su re  b a lan ce m ain tenance a s  a function of the ankle strategy  
by th e  B alance M aster © cou ld  b e com prom ised . Our study w a s not 
d e s ig n ed  to m easu re other com p on en ts of balance: for exam p le , 
c h a n g e s  in quantity and quality of b a lan ce  s tra teg ie s . It is difficult 
to  e n su r e  that participants u sed  primarily th e  ankle stra tegy  to 
accom p lish  th e task. Visual ob servation s su g g e s te d  th e u se  of other  
str a te g ie s . A s d ocu m en ted  in our literature review , a s  th e support 
su rfa ce  is  reduced  or range of perturbation is in creased , an  
individual p r o g r e sse s  from th e ankle to th e  hip strategy.^^-^'^’^^
Limitations inherent to th e u se  of force p lates a s  m ea su res  of 
b a la n ce  m ust a lso  be con sid ered . The b a sic  assum ption  underlying 
all m eth o d s of force p late m ea su res  evaluating b a la n ce  is  that 
forcep la te  param eters are a m ea su re  of unsteadiness."*^ H ow ever , 
u n ste a d in e ss  has not b een  defined  in term s of force p late m ea su res .
Im plications
T h e in con clu sive  resu lts of our study prevent any sp ec ific  
clinical im plications from being p roposed  a s  s ig n ifican ce  w a s  found
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in a s p e c ts  of only tw o of the six  su b tests . H ow ever, our study d o e s  
sh o w  a  n eed  for further research  with regards to th e e ffec ts  of AFO  
application to  various populations, with an em p h a sis  on functional 
relevan ce . A study by Miller and Newton"^® utilizing sim ilar m eth o d s  
y ie ld ed  in con clu sive  resu lts a s  to d iscrep a n cies  in b a la n ce  
m ain ten an ce b etw een  AFO and non AFO trials. Miller and Newton'^® 
m ad e recom m end ations for further research  with AFO u s e  in sp ec ific  
populations. M ethods m ore com p reh en sive  than force platform s are 
ind icated  including m ea su r e s  of; m ovem en t s tr a te g ie s , a s s e s s m e n t  
of r e sp o n se  sym m etry, and im plications on function.
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VARIABLE SUBTEST PARAMETER
O RD417 R hythm ic w eigh t sh ift (left/right) Tim e SD
O RD435 R hythm ic w eig h t sh ift (left/right) O ffset SD
O RD815 Limits of Stability (forward) T arget S w ay
O RD819 Limits of Stability (forward) D irection Error
ORD826 Limits of S tab ility (right/forw ard) P a tien t P o sitio n
ORD827 Limits of S tab ility (right/forw ard) P a tien t P o sitio n
O RD828 Limits of S tab ility (right/forw ard) D ista n ce  Error
O RD829 Limits of S tab ility (right/forw ard) D irection  Error
ORD853 Limits of Stability (backw ard) M ovem ent Tim e
ORD854 Limits of Stability (backw ard) Path S w ay
T ab le 1. Definition of th e  orders and param eters of s ign ifican ce .
42
VARIABLE N MEAN STD ERROR 
OF MEAN
T P R > 1T 1
OR D417 17 - 0 . 3 5 1 1 7 6 4 7 0 . 1 0 7 5 0 4 7 3 - 3 . 2 7 0 . 0 0 4 8
O R D 4 3 5 12 - 1 . 4 9 6 6 6 6 6 7 0 . 5 7 8 1 3 6 1 6 - 2 . 5 9 0 . 0 2 5 2
OR D 8 1 5 12 - 0 . 4 7 5 0 0 0 0 0 0 . 1 8 8 4 1 6 4 5 - 2  . 5 2 0 . 0 2 8 4
OR D8 19 18 3 . 4 1 6 6 6 6 6 7 1 . 5 7 9 5 3 4 4 8 2 . 1 6 0 . 0 4 5 1
OR D 8 2 6 18 4 . 8 2 7 7 7 7 7 8 1 . 4 8 1 8 2 4 6 5 3 . 2 6 0 . 0 0 4 6
OR D827 18 - 4 . 0 0 0 0 0 0 0 0 1 . 4 5 1 7 2 8 7 4 - 2 . 7 6 ‘0 . 0 1 3 5
OR D 82 8 18 4 . 7 7 2 2 2 2 2 2 1 . 4 8 9 9 6 2 1 8 3 . 2 0 0 . 0 0 5 2
OR D 829 18 - 4 . 0 0 0 0 0 0 0 0 1 . 4 5 1 7 2 8 7 4 - 2 . 7 6 0 . 0 1 3 5
OR D853 15 2 . 0 4 2 6 6 6 6 7 0 . 8 2 4 9 5 1 0 6 2 . 4 8 0 . 0 2 6 7
0 R D 8 5 4 15 1 8 1 . 1 8 8 0 0 0 0 0 5 9 . 1 9 4 1 9 7 9 2 3 . 0 6 0 . 0 0 8 5
T ab le  2 . R esults of paired T -test an a lysis  of d ata  from trial with 
AFO and trial without AFO for ea ch  individual. M ean is 
obtained by subtracting v a lu e  for trial without AFO from  
trial with AFO. N egative m ean  v a lu es  Indicate larger va lu e  
for trial without AFO. P ositive  m ean  v a lu es  in d icate larger  
va lu e  for trial with AFO.
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Patient Nane:
Data R e: Sx^Jbm 
Taget/ProtType: SP04. 
Therapy Mode: Beep.Feedback. 
Post-Test Comment:
PATIENT INFORMATION AND TEST SETTINGS 
Age: 68 
Ht: 61 inch 
LOS: 50%
Test Date: 01/08/93
Œ defg: 4
Pacing Speed: Valable
Rythmic weight s i #  -  Lett/Right
: )
%')
4 14.
#"
p 4.
+4- 4.
PATH SWAY AREA.
Numeric Summary
Amplitude, onset, and Time' Mean and S tandad Deviation - Endlinesaeat50%
Pacing Amp Mean AmpSD Offs Mean OflsSD Time Meat TimeSD
Time {% LOS) (% LOS) (sec)
3 sec 49.06 526 0.39 1.30 3.14 023
2 sec 53.92 1.90 0.90 1.50 2.04 028
1 sec 66.77 5.08 •027 3.04 1.14 0.11
Version 32. Copyright (C) NeuroCom Intanationa. Inc. 1992. Al rights reserved.
Figure 1. B alan ce M aster © v e r s io n  3 .2  su b te s t  four: Rhythm ic
w e ig h t sh ift (L eft/R igh t).
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Patient Name;
Data File: Bbctjbm 
Targetj'Rot.Type: SP06, 
Therapy Mode: Beep.Feedback. 
Post-Test Comment:
PATIENT INFORMATION AND TEST SETTINGS 
Age: 68 
Ht: 61 inch 
LOS: 75%
Test Date: 01/08/93
Order fi: 6
Pacing Speed: 10 sec
limits otstabiity
PATH SWAY AREA
Numeric Summarv
Mvt Path Target Patient Distance Direction
Time S v ^ Svray Position Error Error
rsition (sec) (%PathLen) (% Max Area) (%LOS) (deg) (%LOS) (deg)
1 (F) 1.66 204.81 . 0.09 69.7 2.9 -5.3 2.9 '
2 (RF) 1.82 218.11 0.45 73.7 37.4 -1.3 -7.6
3 (R) 0.60 148.04 0.06 71.3 90.8 -3.7 0.8
4 (RB) 0.63 157.99 024 . 67.7 137.1 -7.3 2.1
5 (B) 0.42 200.60 0.09 62.4 182.8 -12.6 2.8
6 (LB) 0.00 160.77 0.40 672 222.2 -7.8 -2.8
7 (L) 3.30 157.55 0.13 70.8 271.1 -4.2 1.1
8 (IF) 1.54 161.77 0.08 70.8 313.3 -42 -1.7
Version 3.2. Copyright (C) NeuroCom international, Inc. 1992. Ail rights reserved.
Figure 2 . B a lan ce M aster 
s t a b i l i t y .
version  3 .2  su b test six: Limits of
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-50% Box and Uhinkor Plot +50%
Major O utlier
M edian
O u tlie r Middle 50%
-20 10
-15
Figure 3. Key to  figures 4 - 1 3 .
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Box and Uhiakar Plot
H
-2 -1 8 ■ 
ord417
Figure 4 . Rhythmic w eight shift (Left/Right), three se c o n d  pacing , 
plotting m ean  tim e standard deviation. Trials without 
AFO had a  greater m ean  time standard deviation than  
trials with AFO (p = 0 .0 0 4 8 ).
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Box and Uhiekor Plot
Figure 5. R hythm ic w eigh t sh ift (Left/R ight), o n e  se c o n d  pacing, 
plotting o ffse t stand ard  d ev ia tion . Trials without AFO  
had a  greater  m ea n  o ffse t standard  deviation  than trials 
with AFO (p = 0 .0 2 5 2 ).
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Box snd UhxBker Plot
Figure 6 . Limits of stability, forward d irection , plotting target 
sw ay  (percent maximum area). Trials without AFO had  
a  greater m ean  target sw a y  than trials with AFO  
(p = 0 .0 2 8 4 ) .
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Box and lA iiak or  P l o t
Figure 7 . Limits of stabiiity, forward d irection , plotting d irection  
error (d eg rees). Trials with AFO had a  greater m ean  
direction error than  trials w ithout AFO (p = 0 .0 4 5 1 ).
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Box and Uhiskar Plot
□
-16 -6 
-10
6
8
ord826
16
10 20
Figure 8. Limits of stability, right forward d irection , plotting  
patient position (percent LOS). Trials with AFO had a  
grea ter  m ean  patient position  than trials without AFO  
(p = 0 .0 0 4 6 ) .
52
Box and Uhiskar Plot
_L
-20  ”10 8 10 
“15 -5 5
ord827
Figure 9 . Limits of stability, right forw ard d irection , plotting  
patient position (d e g r e e s) . Trials without AFO had a  
greater  m ean  patient p osition  than trials with AFO  
(p = 0 .0 1 3 5 ) .
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Box and Uhiskar Plot
Figure 10. Limits of stability, right forward d irection, plotting  
distance error (percent LOS). Trials with AFO had a  
greater m ean  d ista n ce  error than trials without AFO 
(p = 0 .0 0 5 2 ).
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Bax and Uhiskar Plot
-20 - 1 0
-IS -G
ordSSS
10
Figure 11 . Limits of stab ility , right forward d irection , plotting  
direction error (d e g r e e s ) . Trials without AFO had a  
greater  m ean  d ista n ce  error than trials with AFO  
(p = 0 .0 1 3 5 ).
55
Box and Wh&mkor Plot
Figure 12 . Limits of stability, backward d irection , plotting 
m ovem ent tim e (seco n d s). Trials with AFO had a  
greater m ean  m ovem ent tim e than  trials without 
AFO (p=0.0267).
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Box and Uhxsksr Plot
-see
Figure 13 . Limits of stab ility , backw ards d irection , plotting
path sw a y  (p ercen t path length). Trials with AFO had  
a  greater m ean  path sw a y  than trial without AFO  
(p = 0 .0 0 8 5 ) .
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APPENDIX A
Informed Consent Form
Facility:
E ffects  of Ankle F oot O rthoses  
Application on  S tanding B a lan ce in the  
E ld er ly
G rand V alley  S ta te  U niversity  
D epartm ent of P h ysica l T herapy  
A llendale , Ml 4 9 4 0 1
Committee Members;
Investigators:
Purpose of Study:
Barbara Baker, MPT 
Karen O zga, MPT 
G eo rg e Sturm, PhD
(chairperson)
Jeralyn Gray, B S, S P T  
Tam m y Krueger, B S , SP T  
D en ise  Krynicki, B S , SP T
T his study s e e k s  to quantify c h a n g e s  in 
stand ing  b a la n ce  d u e to the application  
of an AFO.
Procedures:
Changes:
I understand  that th is study requires my 
participation  for approxim ately  4 5  
m inutes. During th is tim e I will be  
fitted for an AFO. A lso, I will b e  a sk ed  
to stand  on a  platform and shift my 
w eigh t, w hich will m ea su re  my 
standing b a lan ce . I will a lso  b e ask ed  
to a n sw er  q u estio n s  and dem onstrate  
s o m e  a s p e c ts  regarding my functional 
in d ep en d en ce .
I understand  that I will b e  inform ed of 
any c h a n g e s  in th e  nature of this study  
or th e  a forem en tion ed  procedures  
b efore  th ey  occur.
Risks or discomfort
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I understand  that th e s e  proced u res  
involve no unusual risk a s  th e s e  are  
standard a s se s s m e n ts  u se d  by 
therap ists. I a lso  understand that I m ay  
req u est a  cop y  of th e  resu lts of th is  
study upon com pletion .
A s s u r a n c e s :
R e p o r t:
I understand that at any tim e I m ay  
w ithdraw from this stu d y  with no  
a d v e r se  reaction s from  th e  principal 
in v e s t ig a to r s .
I understand that I will b e  g iven  an  
identification num ber at th e  beginn ing  
of th is study and that my n am e will not 
b e  u sed . I understand that th e  resu lts  
of this study m ay b e published in su ch  
a w ay  a s  to not d isc lo se  my identity. I 
am  aw are that my records rem ain  
c o n f id e n t ia l .
Physical Injury: In th e  ev en t of physical injury 
im m ediate and appropriate m e a su r e s  
will b e  taken .
I have carefully read th is inform ed co n sen t and h a v e  had a d eq u a te  
explanation of th e  p rop osed  p roced u res.
D a te . T im e . Subject
D ate . T im e . W itn e s s .
I the undersigned  h ave  exp la ined  and d escribed  in detail th e  p rop osed  
procedures in which th e a b ove individual h a s  c o n sen ted  to  
p a r t ic ip a te .
D a te . T im e . I n v e s t ig a to r s .
6 0
APPENDIX B
P a t ie n t  I n fo r m a t io n  F orm
N a m e _
A g e
H e ig h t
W e ig h t
ID # . 
AFO 1 s t
2 n d
A n k le  ROM to  n eu tra l 
D om in an t l e g ..................
Y N
R L
MEDICAL HISTORY : Do you now have or ever been diagnosed with any of the
following:
NEUROLOGICAL ORTHOPEDIC
Y
Y
Y
Y
Y
Y
Y
N
N
N
N
N
N
N
N
Stroke
Parkinson's disease 
Multiple Sclerosis 
Dementia 
Head Injury 
Middle ear disease 
Significant Balance 
im pairm ent (resulting  
in > 2  falls in past 6 mos.) 
Peripheral nerve injury 
to legs (numbness or 
weakness)
Y N Hip or knee replacement or
major surgery
Y N Limb amputation
Y N Unhealed fractures
If y e s . w h ere?
Y N unstable hip, knee, or ankle
FUNCTIONAL HISTORY:
Can you walk without any assistance including canes or walkers? 
Are you able to do your own care?
Dressing?
Bathroom?
Fixing meals?
Light cleaning?
Can you stand in place for 7 m inutes?
PLEA SE RATE YOUR OVERALL WELL BEING:
Y N
Y N
Y N
Y N
Y N
Y N
Y N
Excellent j L poor
average
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AUTOBIOGRAPHICAL STATEM ENT
JERALYN J GRAY: Jeralyn h as a  B achelors of S c ie n c e  d eg ree  in 
biology from Grand V alley S ta te  University, A llendale, M ichigan. S h e  
is  currently pursuing a  M asters of S c ie n c e  d eg ree  in physical therapy  
a lso  from Grand V alley S ta te  University.
TAMMY L KRUEGER: Tammy has a  Bachelors of S c ien ce  degree  
in health  s c ie n c e  from Grand V alley S ta te  University, A llendale, 
M ichigan. S h e  is currently pursuing a  M asters of S c ie n c e  d eg ree  in 
physica l therapy a lso  at Grand V alley S ta te  University.
DENISE K KRYNICKI: D en ise  has a  Bachelors of S c ie n c e  d egree  
in health  s c ie n c e  from Grand V alley S ta te  University, A llendale, 
M ichigan. S h e  is currently pursuing a  M asters of S c ie n c e  in physical 
therapy a lso  at Grand V alley S ta te  University.
